INTRODUCTION
Fluoride in minerals and rocks can be deter mined quantitatively by physical and chemical methods.
For wet chemical analyses of fluoride first samples must be brought into solution, for instance, by 1. dissolution in acid, e.g., samples that are soluble in acid, in HCI (POUGET, 1971) 2. steamless distillation (WILLARD and WINTER, 1933, PECK LEE et al., 1964; FROHLICH, 1963) 3. fusion (CLARK BAST, 1972; FICKLIN, 1970; FUGE, 1976; KESLER et al., 1973; KLUGER et al., 1975; PHUPHATANA et al., 1976; TROLL et al.,1977) 4. pyrohydrolysis (BLOXAM, 1968; LOREC, 1967; HANOCO and MOLLE, 1968; RICKARD et al., 1951; W ARI? et al., 1954; GRIMALDI et al., 1955; WANKE et al., 1972; DREIBUS et al., 1976) . Hitherto, large amounts of fluoride were analyzed mainly by gravimetric (STARK, 1911; BIDTEL, 1912; .ALLEN and FURMAN, 1932) or by titration procedures (Fox and JACKSON, 1959; GILBERG, 1964) , and trace amounts with colori metric methods FUGE, 1976 Preparation of the buffer solution: 58g NaCI and 294g sodium citrate-2-hydrate are dissolved in 500m1 distilled water by slightly warming. After bringing the solution to pH 6 ± 0.1 with HC1, it is diluted to I liter.
Apparatus
The induction furnace used was a LECO model 523-000. The measurements for the calibration curve shown in Fig. 2 , were performed with a ORION model 701 A digital pH/mV-meter with a reliability of ± 0.1 mV. The solutions were stirred continuously under constant conditions with a magnetic stirrer.
Electrodes
For some measurements shown in Fig. 2 , the ORION fluoride-selective solid state electrode (model 9609) was used. Geo metric parameters such as dipping depth, dipping angle, distance from the beaker walls, stirring rate etc. were held constant in order to eliminate variations of the streaming potential especially at very low concentrations. For the determination of fluorine in minerals, instead of copper metal iron chip accelerator (LECO No. 501-077) in silica crucibles was used without adding Pb02. The H2SiF6 generated is collected in 50m1 sodium-hydroxide solution (0.025M) (cf. Fig. 1 ).
This solution
is then transferred to a measuring teflon flask and after addition of 100ml buffer, filled up to 250m1.
50ml is pipetted into a 100ml plastic beaker and measured while being stirred.
In order to determine fluorine in fluorides the sample must be mixed in the ratio 1:3 with silica gel. For collecting the evolved H2SiF6, 50ml of 0.05M sodium-hydroxide solution is used.
Measuring technique
For the determination of the total fluoride concentration the technique of standard addition was used. With this technique the change of the EMF after addition of a certain amount of standard solution is measured and with equation (1) In order to maintain a constant ionic strength (one main assumption in the derivation of equation (1)), the concentration of the standard solution should be at least 10 times that of the sample solution.
In this case, the volume of the added standard solution necessary to change the electrode potential by about 30mV, does not change the ionic strength of the measuring solution to any appreciable extent.
Electrode checking Slope: Prior to each series of measurements the electrodes were checked by taking their calibration curve. Sodium fluoride solutions of known concentra tion were measured and the measured potentials were plotted against the logarithm of the con centration (Fig. 2) measured with the Orion digital pH-mV meter compared to the theoretical value of 59.16mV at 250C.
Detection limit
The actual detection limit evaluated from Fig. 2 , follows the new sugges tions of the IUPAC commission (IUPAC, 1975) . According to their definition (signal to noise ratio of 2:1), the point where the calibration curve deviates more than by 18/z mV (z = 1 in the case of fluoride) from the linear part was taken. The detection limit found was 9 x l O' moles/ l for the Orion electrodes.
CONCLUSIONS
This study demonstrated that fluoride in silicate minerals and rocks can be precisely determined by pyrohydrolysis with the aid of an ion-selective electrode after a simple decom position procedure. Figure  3 illustrates that a time of pyrohydrolysis of about 10 minutes is sufficient for transferring all the fluoride into the vapor phase (four international reference samples of U.S. Geological Survey).
The following rules should be obeyed to yield a relative accuracy better than ± 4%: 1. In literature the addition of an oxidant to the sample is recommended for pyrohydrol ysis. After our investigations, however, the addition of an oxidant is only necessary, if the temperatures of pyrohydrolysis are significantly lower than 1,200°C.
2. Using iron metal instead of copper metal, the addition of an oxidant was not necessary, because temperatures of about 1,400°C were attained. 3. The use of potassium pyrosulfate as an "oxidant" leads to results with deficit of fluorine.
Because of the toxic effects the use of vanadium pentoxide was rejected. Lead dioxide has been found to be an ef fective oxidant. 4. 0.025M sodium hydroxide solution was used to collect the generated H2SiF6. If the fluoride contents are larger than 5%, stronger sodium hydroxide solution was used, e.g. with PbF2 and CaF2.
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